Abstract: Utilization of pre-biopsy multiparametric MRI (mpMRI) is increasing. To optimize the usefulness of mpMRI, physicians should accurately quote patients a numerical risk of cancer based on their MRI. The Prostate Imaging Reporting and Data System (PIRADS) standardizes interpretation of mpMRI; however, reported rates of clinically significant prostate cancer (CSC) stratified by PIRADS score vary widely. While some publications use radical prostatectomy (RP) specimens as gold standard, others use biopsy. We hypothesized that much of the variation in CSC stems from differences in cancer prevalence in RP cohorts (100% prevalence) vs biopsy cohorts. To quantify the impact of this selection bias on cancer yield according to PIRADS score, we analyzed data from 614 men with 854 lesions who underwent targeted biopsy from 2014 to 2018. Of these, 125 men underwent RP. We compared the PIRADS detection rates of CSC (Gleason ≥7) on targeted biopsy between the biopsy-only and RP cohorts. For all PIRADS scores, CSC yield was much greater in patients who underwent RP. For example, CSC was found in 30% of PIRADS 3 lesions in men who underwent RP vs 7.6% in men who underwent biopsy. Our results show that mpMRI performance appears to be better in men who undergo RP compared with those who only receive biopsy. Physicians should understand the effect of this selection bias and its magnitude when discussing mpMRI results with patients considering biopsy, and take great caution in quoting CSC yields from publications using RP as gold standard.
Introduction
Multiparametric MRI (mpMRI) has been widely adopted in the diagnosis and management of prostate cancer based on landmark studies demonstrating high sensitivity for detection of clinically significant prostate cancer (CSC). [1] [2] [3] Ideally, mpMRI could simplify decisions about biopsy. However, CSC yield on mpMRI varies widely in the literature. When stratified by Prostate Imaging Reporting and Data System (PIRADS) scores, the detection of CSC ranges from 0% to 66% for PIRADS 3 lesions, 2,4,5 21%-98% for PIRADS 4, 2,4,6 and 75%-99% for PIRADS 5. 2, 4, 6 This variation complicates patient counseling. While differences in image acquisition and radiologist interpretation can affect the predictive value of mpMRI, 7 another factor that is often mentioned but not previously quantified is the impact of cancer prevalence in the study population.
Most studies evaluating mpMRI accuracy utilize one of two cohorts: 1) men who undergo MRI and targeted biopsy with biopsy histopathology as the reference, or 2) men who undergo MRI and radical prostatectomy (RP) with surgical pathology as submit your manuscript | www.dovepress.com
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Wang et al the reference. While biopsy cohorts are larger and include patients with low-grade or benign pathology, sampling error may lead to under-diagnosis of CSC, even with targeted techniques. 8 In contrast, while prostatectomy cohorts have gold standard pathology, this population has 100% cancer prevalence and therefore is not representative of men considering biopsy. 9 Therefore, reported variation in CSC yield across PIRADS scores may be largely due to population differences between prostatectomy and biopsy-only cohorts.
Although several studies mention the presence of this selection bias, 1,6,9,10 the magnitude of its effects on CSC detection rates has not been previously quantified. We used a large prospectively collected MRI-targeted biopsy database to measure the difference in CSC yield, stratified by PIRADS score, between biopsy-only and prostatectomy cohorts.
Materials and methods
We evaluated 614 consecutive men who underwent 3 T mpMRI followed by targeted biopsy at our institution between March 2014 and January 2018. Of these, 409 were included in a prior publication. 7 Following Stanford IRB approval, written informed consent for data collection was obtained prior to biopsy. The study and protocol were in accordance with Declaration of Helsinki principles. We excluded patients who were previously treated for prostate cancer or had a normal mpMRI. We evaluated the first biopsy for men who underwent more than one biopsy. Reporting was in accordance with START guidelines where applicable.
11
Attending radiologists with expertise in body imaging interpreted all mpMRI images. Targeted biopsies were performed by urologists using the Artemis robotic biopsy device (Eigen, Grass Valley, CA, USA) following a standard protocol. Targeted biopsy histopathology was the reference standard used for both cohorts to allow for direct comparison of CSC yield. Prostatectomy pathology was not used because it was not available for the biopsy-only patients. To exclude overlap error, we compared the results of men who underwent targeted biopsy only with the prostatectomy group through a multivariable logistic regression analysis clustered by patient using STATA 14 (StataCorp LP, College Station, TX, USA).
Results
The biopsy-only cohort consisted of 489 men with 689 lesions. Median age was 65 years with median PSA of 7.5 ng/mL. The prostatectomy cohort consisted of 125 men with 165 lesions. Median age was 65 years with median PSA of 9 ng/mL ( Table  1) . CSC was detected in 75% of lesions in the prostatectomy group and 27% of lesions in the biopsy-only cohort ( Table 1) .
The CSC detection rate in the RP cohort was 90% for PIRADS 5 lesions, 58% for PIRADS 4, 30% for PIRADS 3%, and 45% for PIRADS 2 compared to 56%, 31%, 7.6%, and 10% in the biopsy-only cohort ( Table 1) . The difference in detection is present for all PIRADS scores. After adjusting for PIRADS, PSA, age, and race, and clustered by patient to control for multiple lesions within a patient, the detection of CSC was still significantly higher in the prostatectomy cohort compared with the biopsy-only cohort with an overall OR of 4.26 (95% CI 2.67-6.81).
Discussion
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performance of MRI appears better in prostatectomy patients Though this finding is intuitive, our study is the first to quantify the effect that patient cohort (biopsy vs prostatectomy) has on mpMRI detection of CSC. In order to provide relevant statistics to patients considering biopsy, it is crucial for clinicians to understand the methods used by studies evaluating prostate mpMRI. Those studies using prostatectomy gold standard will overestimate the CSC yield for a man who is considering biopsy and may be clinically misleading. For example, a patient with a PIRADS 3 lesion may decide differently if he is quoted a 7.6% vs 30% probability of CSC on targeted biopsy (Table 1) . Our study has several notable strengths. First, all mpMRIs were evaluated prior to biopsy, with no knowledge of each patient's final treatment plan. Second, all targeted biopsies were performed by one of two urologists with extensive experience. Third, all patients were recruited through routine clinical workflow and were comparable in age and racial makeup. Fourth, we compared biopsy histopathology instead of incorporating whole-mount pathology for the prostatectomy group, which could have eliminated sampling error in only one cohort.
Weaknesses include limited generalizability, as this is a single-site study, and lack of complete information on patients treated outside of our facility. We also retrospectively separated men with prostatectomy from those without to conduct the statistical analysis, which may artificially increase the differences in cancer yield. To mitigate this, we presented descriptive results for our full study group (Table 1) . We also recognize that variation exists among radiologists interpreting mpMRI; 7 however, it is unlikely that this would account for the large difference seen, as radiologists were randomly distributed across both cohorts. Finally, it should be noted that transperineal template mapping biopsy studies may have less patient selection bias, as they utilize a biopsy population while more accurately capturing whole-gland pathology compared to targeted biopsy.
1,10
Conclusion
This study is the first to explicitly quantify the effect of patient selection on prostate mpMRI performance. The predictive strength of PIRADS scores vary depending on the cancer prevalence in the population and cannot be viewed in isolation. Our findings provide an important perspective for clinicians to consider when evaluating mpMRI diagnostic accuracy and counseling patients. Additionally, when considering mpMRI machine-learning initiatives, our results show that patient selection and choice of pathologic reference standard are important considerations.
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